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It is generally accepted that the culture of Hemophilus ducreyi is a difficult
procedure. Not only does cultivation appear to be a problem but the recognition
of the species on the basis of established criteria is equally perplexing.
These difficulties were described in a previous study (1) in which we reported
the isolation of virulent, gram-positive, anaerobic rods from chancroidal bubos.
These cultures were found to produce variants resembling old stock H. ducreyi
strains (non-virulent and gram-negative). We concluded that the parent gram-
positive cultures represented a pathogenic phase of the Ducrey bacillus.
Our investigation on the identification problem has been continued, for it is
apparent that an exact definition of the H. ducreyi has yet to be determined.
Interest in the areas of isolation and cultivation has also been maintained, since
these subjects appear to be closely associated with the basic problem.
Recently in an effort to duplicate and confirm past findings we successfully
isolated virulent gram-negative streptobacilli from chancroidal bubos. This
circumstance allowed further culture comparisons to be made, which have in
turn culminated in the development of a new isolation procedure.
The purpose of the present communication is to report results obtained by our
culture comparisons, and to describe a method by which virulent gram-negative
streptobacilli can be recovered easily from male and female chancroid cases
and associated conditions. The new procedure has made large numbers of freshly
isolated strains available for detailed study. As a result of these studies it now
appears possible to characterize H. ducreyi in a more precise manner. In the
present study certain species were determined to be sources of diagnostic con-
fusion. These have been differentiated and identified.
EXPERIMENT 1
A comparison of virulent and avirulent cultures
The virulent gram-negative streptobacillus culture used in this experiment (designated
as CHIA) was isolated in our laboratory from bubo pus by the Sanderson technic (2). The
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patient in this case demonstrated a typical penile lesion which was associated with a unilat-
eral bubo. Repeated subcultures and subsequent colony isolations proved this culture's
purity. Cultures obtained by means of colony isolation were subjected to intensive and
detailed study. In no case were gram-positive elements observed. All of our new strains were
found to be pathogenic for rabbits by intradermal inoculation, and all produced lesions simi-
lar to those previously described for our gram-positive bubo cultures (I). Control inocula-
tions using old stock H. ducrcyi cultures always demonstrated negative findings. In other
than pathogenic behavior, CHIA strains appeared to be similar to the old stock avirulent
cultures.
In an effort to differentiate CHIA and old cultures on a basis other than path-
ogenic grounds, consideration was given to possible differences in growth behavior. Teague
and l)iehert (3) have reported that inactivated rabbit blood clots are best suited for H.
ducreyi cultivation. Accordingly, the growth of CHIA and our old cultures were compared
in clot media. In this experiment rabbit and human bloods were used and the effectiveness
of fresh and inactivated blood clots was compared. Inactivation was accomplished by heat-
ing in a water bath at 56°C. for 10 minutes and by refrigeration at 4°C. for 48 hours. Clot
cultures were incubated at 35°C. for 72 hours. Microscopic and macroscopic observations
and subcultures were made at 24 hour intervals.
RESULTS AND CONCLUSIONS I
In our first experiment old stock strains appeared to behave in the charac-
teristiC manner described by Teague and Diebert (3). Growth occurred only in
inactivated blood clots and best in inactivated rabbit blood. In contrast, the
virulent CilIA culture seemed to grow equally well in either fresh or inactivated
clots, and growth in human blood appeared equal to that of the rabbit. Repented
experiments confirmed these findings.
As judged by the results obtained in Experiment I, it appears that the well
known bactericidal properties of fresh blood were inoperative in respect to the
newly isolated virulent culture. It seemed possible, therefore, that this principle
might be effective when applied to the isolation problem. Further experiments
were designed to explore this possibility.
EXPERIMENT II
Isolation by means of fresh Clot culture
Clot media were prepared as follows: human and rabbit bloods were drawn aseptically
and dispensed in sterile, cotton-stoppered tubes (10 by 80mm.) in approximately 3 ml. quan-
tities. Clots were considered to he fresh if used immediately or within two hours. Inacti-
vated clots were prepared as described in Experiment I. Six clot cultures were used in each
examination; two were furnished by the patient, two were obtained from another individual,
and the remaining two were rabbit blood.
Bacteriologic specimens were collected in a manner similar to that described by Teague
and Diebert (3). Ulcers or other areas to be cultured were cleaned by rinsing with sterile
saline and wiping with several changes of saline moistened gauze. Inoculum was obtained
from the base of cleaned sores using a small wire loop, and inoculation consisted of inserting
the loop into the serum surrounding the formed clot. Cultures were incubated for 72 hours at
35°C. Observations were conducted at 24 hour intervals, at which time subcultures and
stained smears were also prepared. The media used for subculture purposes consisted of
petri plates containing blood Bacto-nutrient agar 1.5% (Difco) and blood Eugonagar (Bal-
timore Biological Laboratories). Both of these media were enriched with 15% sterile defi-
brinated rabbit blood. Slopes prepared from Bacto-nutrient agar 1.5% were also inoculated
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TABLE I
Experiment II: Isolation of H. ducreyi by fresh human clot culture
Clinical Diagnosis No. Examined Negative Culture Positive Culture
'Possible chancroid''
Males 13 1 12
Females 7 4 3
Granuloma inguinale
Gonorrhea
3 1 2
Males 25 25 0
Female contacts 14 13 1*
62 44 18
* Slight inflammation of anterior urethra, negative culture for the gonococcus.
from clot cultures. These contained approximately 2 ml. of sterile defibrinated rabbit blood
supported by the butt of the slant. All plate cultures were incubated in candle and Brewer's
anaerobic jars for 72 hours at. 35°C.
For comparative purposes and for a more complete understanding of the bacteriology of
chancroid lesions, plate cultures were prepared from each patient at the time of clot culture
inoculation. The plate media used, incubation time, and temperature were the same as that
employed for clot-subculture.
Clot culture results: In 18 cases (Table I) H. ducreyi-like streptobacilli were
isolated from fresh clots in pure culture. In such clots, a few gram-negative rods
were always observed after 24 hours of incubation. The findings were the same
in either rabbit or human bloods. Transfers from positive clots grew readily on
candle-jar blood nutrient agar plates or on nutrient agar slants containing
blood. On blood Eugonagar only questionable growth occurred when plates
were candle-jar incubated, and in no case was growth accomplished under
anaerobic conditions in either media.
Results obtained by inactivated clot cultures were always unsatisfactory,
heavy contamination being evident in every case. A variety of species appeared
to grow well in inactivated media. In several cases gram-negative streptobacilli
were observed, but the isolation of H. ducreyi-like colonies from these cultures
was never possible. Although the identity of streptobacilli seen in contaminated
clots is unknown, their possible relationship to Bacteroides melanogenicus will
be considered later.
Characteristics and behavior of newly isolated cultures
All of our freshly isolated H. ducreyi-like strains have demonstrated similar
characteristics and behavior. These have also been similar to our original gram-
negative bubo culture, CHIA. The following identifying features have been ob-
served to occur in all of our cultures:
1. Colonies grown on plates, consisting of Bacto-nutrient agar 1.5%, enriched
with 5 % rabbit blood and incubated in a candle-jar at 35°C. for 48 hours present
the following characteristics in all cases. Colonies measure from 2—5 mm. in
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diameter and are slightly gray by reflected light. Frequently colonies show some
evidence of a rough surface texture, and when these are touched with an in-
oculating ioop they tend to remain intact.
2. Our observations have shown that the morphology of individual bacteria
may vary considerably. Extremes include coccoid forms and filamentous types.
In general, stained preparations from colonies usually reveal a few short chained
streptobacilli but more often, rods of various lengths and widths are observed.
These may either occur singly or as diplobacilli. All of the cultures in this study
have been shown to be gram-negative and in no case has variability been demon-
strated. The well known streptobacillus morphology recognized as being typical
for H. ducreyi is best demonstrated in defibrinated rabbit blood supported by
Bacto-nutrient agar 1.5% slants. In this medium tangled chains have been seen
which frequently cover an entier microscopic field.
3. On blood agar plates none of the colonies observed in this study have shown
evidence of hemolytic activity. In fresh or inactivated clot culture and in de-
fibrinated blood supported by agar slants, hemolysis has regularly been noted
after 24 hours.
4. Conditions obtained by candle-jar incubation appear to be optimal for
growth of organisms in petri dishes. Organisms cultivated in tubes fitted with
screw-caps have grown as well as the described plate cultures. Whether these
results are obtained because of decreased oxygen, increased carbon dioxide, or a
combination of the two has not been determined.
5. Bacto-nutrient agar 1.5% (Difco) has played an important role in our
cultivation experiments. To date, no other formula has been found which yields
equal results. In other experiments (4), Bacto-peptone, agar, and sodium chloride
have all been found necessary for satisfactory cultivation.
6. All cultures have been found to be sensitive to a variety of antibiotics, and
have given identical reactions. Using the disc method of testing (Bacto-Sensi-
tivity Disc) cultures have been found to be sensitive to penicillin, aureomycin,
chioromycetin, terramycin, magnamycin, neomycin, and erythromycin. They
have shown a moderate sensitivity to bacitracin and a slight sensitivity to
dihydro-streptomycin and viomycin.
7. Although all of the media described in this study indicate a whole blood
requirement for H. dueregi cultivation, we have determined that this need may
be satisfied by substances found in serum (4). The amount of serum required
appears to be small. Using Bacto-nutrient Agar 1.5% enriched with rabbit
serum 1:500, growth of our cultures have been established and maintained.
With a 1:500 serum concentration and the method of Pickett (5) fom x and v
factors, we have been unable to detect any increases in growth by the addition
of these substances.
8. All cultures isolated in this study have been virulent for rabbits. Arbi-
trarily, we have considered virulence to mean the ability to produce lesions
when inoculated intradermally. Rabbit lesions appear to be self limiting, and
have shown little or no evidence of tissue invasion. In human volunteers, how-
ever, (4) infections can be produced by surface scarification and tissue invasion
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is obvious. It does not appear that the infective process in humans and rabbits
is identical.
We have been unsuccessful in our efforts to produce non-virulent strains by
laboratory manipulation. In contrast to our findings, investigators in the past
appear to have had difficulty in maintaining the virulent properties of their
cultures. The reasons for this are unknown. We have found that cultures show-
ing a slight loss in virulence may regain their original pathogenic properties by
serial culture passage through fresh clots.
9. Observations on viability have indicated that our cultures will remain
alive in the liquid blood portion of nutrient agar slants for as long as thirty
days at room temperature. Quick-frozen blood cultures (—60°C.) stored at
—20°C. have survived for six months. Lyophilized cultures have been re-con-
stituted and grown after one year.
Study of the bacterial flora of lesions by direct plate cultnres: A comparison of
colony growth on anaerobic and candle-jar plates has shown a predominance of
anaerobic forms. The size and number of colonies on Eugonagar were larger than
aerobic plates (candle-jar). Occasionally candle-jar plates were found to be
sterile. In several cases, however, H. ducreyi-like colonies, indistinguishable from
those obtained by fresh-clot culture, were isolated directly on blood nutrient
agar plates. This occurred only on plates incubated in candle-jars. Colonies of
this type were never seen on Eugon plates. These observations agreed with our
previous findings in respect to the beneficial properties of nutrient agar for
H. ducreyi culture.
As mentioned previously, anaerobic bacteria appeared to predominate in
every lesion case. In terms of size and numbers of colonies, blood Eugonagar
appeared to be superior to blood nutrient agar for anaerobic culture. The ma-
jority of anaerobic colonies consisted of gram-negative rods which could be
classified in the bacteroides group. For obvious reasons all of these bacteria
occurring in the anaerobic study could not be studied in detail. We have selected
three genera for special consideration. These organisms have been chosen be-
cause of their possible relationship to clinical ehancroid and because of certain
characteristics which they possess in common with H. ducreyi.
1. Corynebacterium acnes Gilchrist: In five lesion cases, gram-positive an-
aerobic rods were isolated which were similar or identical to our previously de-
scribed bubo cultures (1). On the basis of agglutination-absorption tests, they
appeared to be antigenically related to each other and to our bubo strains.
These cultures exhibited smooth, creamy white, domed colonies on blood Eugon-
agar and usually a zone of hemolysis. They grew well when transferred to media
without blood, but Eugonagar definitely demonstrated better growth than did
nutrient agar or other media of similar composition. All of the strains fermented
glucose, levulose and sorbitol with acid production. No fermentation was noted
with arabinose, rhamnose, ducitol, xylose, salicin, inosital, sucrose, lactose, and
maltose. Gelatin demonstrated a very slight degree of liquefaction after 30 days
and litmus milk showed slight coagulation and reduction of the indicator after
10 days. On the basis of these findings all of our cultures from lesions and bubos
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were tentatively identified as Corynebacterium acnes Gilchrist (6b). Seeliger's
type culture was obtained from the American Type Culture Collection and
compared with our strains. The original diagnosis was confirmed.
2. Anaerobic streptococci: With respect to the streptococci, our studies were
limited to group (anaerobic) identification. Anaerobic strains were obtained from
every lesion case. Cultures were transferred on frequent occasions in order to
test for the maintenance of the anaerobic characteristic. Several strains were
inoculated into the skin of rabbits and these were determined capable of pro-
ducing local infections. All of the streptococcus cultures appeared to be gram-
variable in reaction and frequently became gram-negative.
3. Bacteroides melanogenicus: This species was easily recognized on blood
agar by its production of dark pigment. The pigment appeared to vary in color
from a light brown to a jet black. The variations in color seemed to be due to
several factors, which may include the medium used for cultivation, length of
incubation and strain differences. Blood or blood fractions were apparently
necessary for the growth of B. melanogenicus. Colonies measured 1—5 mm. in
diameter and showed either a decidedly rough or a completely smooth surface
texture. Smears from colonies usually displayed short, fat, gram-negative rods.
In defibrinated rabbit blood or in inactivated clot cultures, gram-negative
streptobacilli indistinguishable from those of the Ducrey bacillus were often
observed. Occasionally rabbits have shown evidence of an infectious process
when B. melanogenicus cultures were inoculated intradermally. More often,
however, no reactions were observed. Our findings in regard to pigment, colony
and virulence variation would appear to indicate that strain differences exist.
DISCUSSION AND CONCLUSIONS
The use of defibrinated blood or clot media for H. dvcreyi cultivation is well
known. Many workers in the past have employed the method of Teague and
Diebert (3) in their studies. This procedure made use of inactivated rabbit
blood clots for culture purposes. It might be assumed that the authors of the
method had determined fresh blood to be inhibitory for their strains.
Results obtained in Experiment I, in which our CHIA strain (virulent bubo
culture) was compared with avirulent stock strains, indicate that previous in-
vestigators have based their conclusions on studies using nonpathogenic cultures.
In our work CHIA was found to grow in either fresh or inactivated blood, human
or rabbit. Stock cultures (avirulent) on the other hand grew only in inactivated
blood and best in rabbit blood. The practical application of our fresh-clot pri-
mary isolation procedure is illustrated in Table I. Twenty cases (13 male and 7
female) were clinically diagnosed as "possible chancroid". Positive cultures were
obtained from 15 members of this group. Of these, thirteen males are included
and represent twelve of the positive findings. It appears that positive results
can be expected more frequently in males than in females. It is of interest to
note in this connection that two H. ducreyi cultures were recovered frcm three
patients in which lesions were diagnosed as "granuloma inguinale." One culture
was also procured from a female gonorrheal contact who had no evidence of
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chancroid. Other than in these three cases, positive cultures appear to be as-
sociated with cases with lesions. This opimon is based on negative findings ob-
tained in the examination of 25 gonorrheal males and 13 female contacts.
Our inability to isolate and recognize H. ducreyi in previous studies seems to
have been due to the inadequacy of the cultural method. It may be possible
that the recent findings reported by Leibovitz (7), Aoki, et al. (8), and Boak
(9), can be explained on similar grounds. Leibovitz encountered H. dDcreyi-like
microaerophilic streptococci in his investigation and Aoki et al. described their
cultures in a similar way but identified them as enterococci.
We have shown that several bacterial species may share characteristics in
common with the Ducrey bacillus. Included in this group is our previously de-
scribed anaerobic gram-positive hubo cultures which were considered to be a
phase of H. ducreyi. In the present study we have identified this organism to he
Corynebacterium acnes Gilchrist. The importance of these bacteria is emphasized
in Seeliger's review of the occurrence of anaerobic Corynebacteria in pathological
material definitely indicates the potential importance of this group (6a).
Some of the most interesting bacteria encountered in this study include mem-
bers of the genus Bacteroides. B. melanogenicus appeared to be the most im-
portant species encountered because of its occurrence in every lesion case and
iii all females examined. Most important, the species was found to grow in in-
activated blood clot cultures and to produce gram-negative streptobacilli in-
distinguishable from those of the Ducrey bacillus. The significance of these
findings is particularly important in the light of past investigations where in-
activated clots were used for culture and the demonstration of gram-negative
streptobacilli formed the basis for a positive diagnosis of H. ducreyi identi-
fication.
The success of our cultural methods, together with the recognition of charac-
ters which may be used for identification purposes, suggest that investigations
in the future should contribute more to our knowledge of chancroid and the
distribution of the etiologic agent.
SUMMARY
1. A simple method for the isolation of H. ducreyi is described together with
the characteristics which make identification possible.
2. The successful use of fresh human blood for H. ducreyi cultivation is re-
ported for the first time.
3. It is pointed out that virulence of freshly isolated strains can easily be
maintained by an occasional fresh clot passage.
4. Bacteriologic results obtained by several methods are reported and bac-
teria having certain features in common with H. ducreyi are recognized.
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